Semiconductor quantum dots (QDs) have been the subject of intense recent research due to their fundamental physical properties, and potential applications in quantum optoelectronic devices. In particular, optical quantum computing [1] [2] [3] and quantum cryptography 4, 5 require sources of polarized single photons 6, 7 and entangled photon pairs 8 .
Both electrically driven single qubit emitters 9,10 and entangled photon pairs 11, 12 have been demonstrated in Group III-As QDs but the small confinement potential in these QDs limits their operation to cryogenic temperatures. Group III-N QDs offer a much deeper confinement potential and quantum confinement has been observed up to room temperature [13] [14] [15] . A complication in using these III-N QDs as two-level systems comes from the internal electric field present as a consequence of their wurtzite crystal structure. Recently however, exceptionally small QDs 16 or growth on a non-polar crystal plane 17 have been used to demonstrate coherently driven Rabi oscillations 18, 19 .
In this letter we investigate the polarization properties of non-polar InGaN quantum dots, which have been shown to have short lifetime transitions 17 , high thermal stability of the exciton transition 20 , and high energy states decoupled from the QD wetting layer 19 .
We observe many QD spectral lines with a polarization degree (defined by the normalized differential of the intensities of each fine-structure component) of 1 and no corresponding fine-structure split line, suggesting that one fine-structure component of the transition has a much greater oscillator strength than the other. Other observed QD spectral lines reveal a fine-structure splitting (FSS) between two orthogonal polarization components with an FSS less than the typical linewidth of the QD transitions (∼ 1 meV The sample was mounted on a cold-finger within a continuous helium flow cryostat (Janis ST-500). A feedback loop temperature controller (Lakeshore 331) was used to ensure a stable temperature of 4.2 K. The excitation source was a picosecond pulsed Ti:Sapphire laser operating at 800 nm, which was focussed onto the sample using a 100× achromaticcorrected IR objective with a numerical aperture of 0.5. The spectral resolution of the laser (δE = 1.3 meV) is small enough such that two-photon absorption above the InGaN band gap can be induced 28 , a method which has been shown to increase the contrast between the luminscence from the QDs and that from the underlying non-continuous quantum well layer which is a consequence of the growth procedure 17, 27 . The emitted photoluminscence (PL) is collected by the same IR objective, imaged onto a 50 µm slit, and dispersed by a 1200 lines/mm grating in a 0.3 m spectrometer (Shamrock 303i) and detected by a Peltier cooled Si-based charge-coupled device. Polarization dependent PL spectra were taken by placing a Glan-Thompson polarizer and a λ/2 waveplate into the collection path. For every rotation of the polarizer through an angle α from vertical, the half waveplate is rotated by α/2 to ensure vertically polarized light enters the spectrometer, meaning the maximum signal intensity possible is recorded. Figure 1 shows an example of a 100% linearly polarized transition at ∼ 486 nm (within the signal to noise of the measurement system). The axis of the linear polarizer has been set so that a polarizer angle of 0 • corresponds to the maximum intensity of the QD emission line.
With the polarization axis orthogonal to that which obtains the maximum QD intensity, the luminescence is completely suppressed within the noise of the CCD. The wider features in the PL spectra in figure 1 correspond to emission from the discontinuous underlying quantum well layer (a consequence of the growth method), and can also appear to be suppressed at a polarizer angle of 90 • as expected for the A-exciton emission from an InGaN quantum well 29 . Fluctuations in dimension and composition of the QW layer layer lead to different polarization dependences however, as well as wider emissions on both at both higher and lower energy than the QDs. linear polarized light with a polarization axis corresponding to the c-axis. In the case where a QD line exhibits a polarization degree of less than 1, we do not see a random polarization direction, instead the emission remains predominately polarized along the c-direction, with a small component in the perpendicular direction. We can therefore postulate that an additional asymmetry in either QD shape or position of the indium atoms gives rise to an out-of-plane asymmetry in the QD confinement potential in addition to the in-plane asymmetry associated with the strain along the c-direction. In the case of an asymmetry which is both in-plane (caused by the strain inherent in the crystal structure) and out-of-plane (caused by asymmetry in the shape and/or indium composition of the QD), we expect to measure a polarization degree < 1 and to therefore resolve the fine-structure splitting of the bright-exciton state. In figure 3 we show spectra taken at orthogonal polarizer angles, integrated for 5 minutes. The long integration time is selected to reduce any error in the QD energy caused by spectral drift of the exciton energy over time 30, 31 . We can resolve a FSS for the QD in figure 3 of −737(65) µeV, with the higher energy brighter in intensity by a factor ∼ 10. Such a value for the FSS is similar to that reported for polar InGaN QDs 22 , but much smaller than the 2 − 7 meV reported for GaN QDs 21 . We also observe cases where the emission is brighter at lower energy, indicating a positive fine structure splitting. With both positive and negative values observed there could be the possibility of tuning the fine structure splitting towards zero for applications as a source of entangled photons 32 .
In figure 4 , we present the measured FSS values for 14 QDs which had strong enough signal to noise ratios between the fine-structure split emission lines. The current data do not appear to show a clear correlation between emission energy and fine-structure splitting, in contrast to the case for InAs QDs 33 . We attribute this to the fact that several parameters These results suggest non-polar InGaN QDs represent an interesting avenue for research into polarized single photon sources and entangled photon sources.
